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ABSTRACT N:
N

The Mational ignition Facility

The National Ignition Facility (NIF), currently under construction at the
University of California’s Lawrence Livermore National Laboratory (LLNL) is
a stadium-sized facility containing a 192-beam, 1.8 MJ, 500-TW, 351-nm laser
system together with a 10-m diameter target chamber with room for nearly
100 experimental diagnostics. When completed, NIF will be the world’s
largest laser experimental system, providing a national center to study
inertial confinement fusion and the physics of matter at extreme energy
densities and pressures. The first four beamlines (a quad) have recently
been commissioned, and operations on the first bundle (units of eight
beamlines) will begin in Summer 2005. A computational system, the Laser
Performance Operations Model (LPOM) has been developed and deployed to
automate the laser setup process, and accurately predict laser energetics.
For each shot on NIF, the LPOM determines the characteristics of the
injection laser system required to achieve the desired main laser output,
provides parameter checking for equipment protection, determines the
required diagnostic setup, and supplies post-shot data analysis and
reporting.
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Description of the National Ignition Facility Nrg
N

The National lgnition Facility

« NIF is a stadium-sized facility containing a 192-beam, 1.8-MJ, 500-TW,
351-nm laser system

— The beams are grouped in 48, 4-beam quads, which share a common
Injection laser system

- Thetargetis encased in a 10-meter diameter target chamber with room
for nearly 100 experimental diagnostics
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NIF Operations Requires Detailed Laser =
Energetics Models N-

The Mational ignition Facility

NIF operations require precisely specified energy waveforms from
192 beams for a variety of pulse lengths and temporal shapes

NIF laser pulses are amplified from 1 nJ up to 20 kJ

— Injected pulses undergo significant pulse distortion due to
gain saturation

The system must accurately control 192 beamlines and 48
injection laser systems that have variations in:

— Beamline-to-beamline optical transmission;
— Beamline-to-beamline amplifier slab configurations (gain);
— Quad-to-quad amplifier pumping

NIF to be operated at very high energy and power, but with low
risk of optical damage

The Laser Performance Operations Model (LPOM) has been
developed to provide this functionality for NIF



Ul

N

FUNCTIONAL REQUIREMENTS

The Mational ignition Facility



Laser Performance Operations Model (LPOM) =
Functional Requirements N-

The Mational ignition Facility

« Automate shot setup
— Specifies injection laser energy and temporal shape;
— Predicts laser fluence at all laser diagnostic locations;
— Feedback data to update the laser model

« Assists in equipment protection

— Assures that the predicted fluences and intensities lie
within operational limits

— Verifies that injection system is properly configured prior
to main laser shot

« Post-shot analysis and archive tool
— Post shot data reports and analysis tools

— Web browser access to processed data provide easy
access before, during and after shot operations

LPOM supports shot planning, operations, shot director and NIF users




LPOM consists of several interacting, —
functional modules NF
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Non-LPOM Laser Front End Systems Laser Diagnostic Systems
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LPOM automates shot setup and uses post shot =
analysis to maintain an accurate model of NIF NF
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A comprehensive beamline model is essential =
to accurately describe how NIF works NF

The National lgnition Facility
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LPOM turns goals into the required shot =
settings for NIF subsystems NF

The National lgnition Facility

« LPOM turns high level shot goals into specific shot settings

« Settings communicated to other NIF laser subsystems through
Shot Setupyf Shot Yerification'\f Optimize Modellf Shot History

Experiment ID || FIT_PERF_TEST_4_mad n

Goals f Options | Damage Limits\f Shot Settings'y Model Summary '/ Equipment Protection'yf Pulse Shapes '\ Debug

 [Quad [Total E (J) | | Previcted Energetics
Q3B 76.7127 Regen ISP OSP-DBE RMDA 3oy TCC 1o PDS 3o PDS
im.J) () ()] ikJ) )] ik} (k)
Q31B| 1.63141 I 1.26225 19,9067 199067 0.o 0.0 0.0 Bi1a
19.97107 0.0 0.0 18.9151 0.0 B316
19.3473 199475 0.o 0.0 0.0 Bi17
19,3426 199426 0.o 0.0 0.0 Bi1d

— Attenuator Settings and Split Fractions

19.26% BI16

Input |
: 28.42% B316

150 sensor |

100 e |

50 MOR e PAM i
il 1 20.24% B35

D 4 i

J2.08% BI7

power out (i)

o 10 a0 Attenuators PABTS
nanosecs Input Output. 1 32.3%
Pulse Length (ns)| 23.0 | T=23.6% T=900% 2 B1.3%

Post Pulse (nhs) 0.0 3 59.6%

PAM Gainl 763 Calculated Datel kon &ug 04 15:533:07 POT 2003 Quad IPS Report Mear Field

Load Goals | | accept Settings |27 LPOM Status: Reaty
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LPOM plays a critical role in the protection of =
the NIF laser N-
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LPOM has three roles in the NIF equipment protection process

« Prior to shot:
— Compares predicted fluences and intensities to optical damage limits

« During the shot cycle:

— Verifies injection laser system produces energy, power and spatial
distribution required for a full system shot

— Automatically alerts Shot Director with status of system

- After main laser shot:
— Compares measured values to predicted, providing
A quick determination the success of a shot; and
« Validation of the LPOM model



LPOM provides expert groups detailed pre-shot =
analysis of equipment risk of proposed shots N—

The National lgnition Facility

« Results of Shot Setup calculations provide information concerning the risk
to critical optical component throughout the NIF system

« Dueto level of confidence in LPOM calculations, no shots that exceed
damage limits are allowed to be scheduled

Q31B Maximum Optic Name  Beamline |(|Legend:
" | Optics Damage (Fluence) || 99.34% PM1 B318 V| safe
v’ Delta-B 1.34% ||Debris Shield|| B318 0| above threshold
| Filamentation (Intensity) || 29.46% SF4 B316 | (@] above conditioning fluence
Optic Name Max Flu Ave Flu Damage Flu Damage Ratio Max Delta-B Beam Area Tau Eq Max Int Filament Ratio frac over damage Loc
Debris Shield 15.86 6.26 4.00 3497 1.34 T81.84 227 3.69 0.18 0.98 B318
Tripler 14.85 5.85 4.00 371 0.54 853.11 227 3.35 017 0.87 B318
BSG 15.83 6.24 4.00 3.96 1.19 798.93 227 3.58 0.18 0.98 B318
FFL 14.84 5.85 4.00 3.71 1.05 853.11 227 3.35 0.17 0.97 B318
SHG 21.51 B.64 41.67 0.5z 0.54 859.71 297 541 0.27 0.00 B318
Pol on refl 7.94 6.07 9.84 0.81 0.43 B47.61 249 247 0.12 0.00 B315
Pol on refl 8.23 6.02 H.78 0.84 0.43 853.59 245 2.68 0.13 0.00 B316
Faol on refl 8.26 577 9.83 0.64 0.41 873.52 248 262 0.13 0.00 B317
Pol on refl B.07 591 975 0.83 042 BE3.4T 243 272 0.14 0.00 B318
L3 7.85 6.07 9.83 0.80 0.43 B47.70 249 245 0.12 0.00 B315
LM3 772 6.01 ] 079 043 B854 48 245 248 0.12 0.00 B316
L3 B.08 576 9.82 0.82 0.41 B73.81 248 267 0.13 0.00 B317
L3 7.82 5.90 9.74 0.80 042 B64.22 242 2.65 0.13 0.00 B318
LMz 0.11 0.06 6.94 0.01 0.00 911.76 1.89 0.05 0.00 0.00 B315
LMz 0.11 0.06 6.94 0.01 0.00 916.93 1.89 0.05 0.00 0.00 B316
LMz 0.12 0.07 6.94 0.01 0.00 941.53 1.90 0.05 0.00 0.00 B317
LMz 0.11 0.06 6.94 0.01 0.00 927.49 1.89 0.05 0.00 0.00 B318
Inject Mirror 0.17 0.06 21.72 0.01 0.00 248 1.84 0.08 0.00 0.00 B315
Inject Mirror 0.16 0.06 21.72 0.01 0.00 248 1.84 0.07 0.00 0.00 B316
Inject Mirror 0.25 0.09 21.72 0.01 0.00 246 1.84 0.1z 0.01 0.00 B317
Inject Mirror 0.20 0.07 21.72 0.01 0.00 249 1.84 0.09 0.00 0.00 B318
PM7 20,74 6.64 22.88 0.91 0.32 B59.63 259 5.19 0.26 0.00 B318
PM1 1745 9.19 17.57 0.99 0.26 B852.87 280 467 0.23 0.00 B318
TCVW 21.51 6.64 37.36 0.58 0.54 B59.71 284 5.41 0.27 0.00 B318
SF1(pass4) B.14 6.09 32.96 0.25 0.96 B44.18 243 263 0.13 0.00 B315
SF1(pass4) 8.65 6.01 32.84 0.26 0.94 851.31 240 272 0.14 0.00 B316
SF1(pass4) 9.13 5.75 32.81 0.28 0.93 B72.66 239 273 0.14 0.00 B317
SF1(pass4) 9.65 5.92 32.80 0.29 0.93 B57.51 239 2.89 0.14 0.00 B318
5F3 12.11 9.39 37.80 0.3z 1.04 B48.54 2893 3.37 017 0.00 B315
SF3 13.95 9.28 37T 0.37 1.03 B53.08 292 3.80 0.19 0.00 B316
SF3 13.39 8.87 37.46 0.36 0.99 B73.36 2.86 3.52 0.18 0.00 B317
5F3 14.31 9.08 37.38 0.38 1.01 B65.61 285 3.58 0.18 0.00 B318
SF4 17.54 9.39 3843 046 0.20 B46.19 3.05 545 0.27 0.00 B315
=1 2064 a3 he o A 055 020 210 2 [ =1v] 020 000 BI1E




LPOM verifies laser system is configured for =
main system shot NF

The Mational ignition Facility

« Prior to a full system shot, a shot using only the injection laser system is
conducted

- LPOM determines if system is ready for full energy by comparing
measurements to predictions

— System readiness communicated to Shot Director within minutes of
shot, along with recommended adjustments

m.- LPOM Shot Verification Status

Laser Performance Operations Model

ShotID: N050701-001-006
Expld: ML_Rod_Shot_OQ_P2a_S03a
PI: haynam1

Bay 1 Bay 2

Cluster 1 Cluster 3
Bull Bul2 Bul3 Buld Buls Bulé Bu3i Bui2 Bui3 Bu3i4 Buis Bulé
W ONT B Q12T 9 QI3T & Q14T % QI5T % QI6T || w7 |031T| o Q32T % Q33T % Q34T % Q35T % Q36T
W QB Y Qi12B v Q13B v Q14B %" Q15B Y QI16B | w'|Q31B| v Q32B %" Q3I3B Y  Q34B Y  Q35B Y  QI6B

Cluster 2 Cluster 4
Bu21 Buz22 Bu23 Bu24 Bu2s Buzé Bu41 Bu42 Bu43 Bu44 Bu4s Bu46

Y Q21T W Q22T Y Q23T Y Q24T W Q25T W Q26T ||y Q41T B Q42T B Q43T W Q44T Y Q45T Y Q46T
v Q21B y Q228 Y  Q23B Y 0248 Y Q258 W Q266 ||y’ Q41B W Q42B Y Q43B W Q44B Y Q45B Y Q468

LPOM Recommended changes: Legend:

=2, W]l Pass ||Ready for system shot. Quad passed rod shat verification checks.

o N/A Ready for system shot. Quad not participating in shot.

'w'|| Caution ||Quad passed, but another rodshot may be recommended

0 Fail Mot ready for system shot
HO”Pending Quad not yet verified

ﬁ Home (1) LPOM Status Select Shot Id or Exp ld: |[N050701-001-006 Submit

r XHTML
WBC X't
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DATA ANALYSIS AND REPORTING
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LPOM presents shot data in a drill down fashion N?
N

The National lgnition Facility

- Web-based data reporting tool provides shot data, at various levels of
complexity, to NIF community

 Drill-down navigated downward from Shot Status=>>Shot Metrics -> Detailed
reports for each participating quad

- Parallel computational design assures scalability to full NIF

= LPOM L
" Laser Performance Operations Model Shot Verification Status

ShotID: NO50701-001-006
Expld: ML_Rod_Shot OQ P2a S03a
FI: haynam1
| Bay 1 I Bay 2
Cluster 1 Cluster 3
Bull Bul2 Bul3 Buld Buls Bulé Bu31 Bu3z Bu3i3 Bu34 Buis Bu3G

W QU1T % Q12T % Q13T Y Q14T % Q15T %" Q16T || v |Q31T| " Q32T Y% Q33T %" Q34T Y Q35T % Q36T
w Q11B %" Q1ZB %" QI13BE % Q14B % Q158 %" QI6E || w'|Q31B| ¥ Q32EB %" Q33B %" Q34B Y Q358 % Q3EB

Cluster 2 Cluster 4
Bu21 Buz2 Bu23 Bu24 Buzs Bu26 Bud1 Bu42 Bu43 Bud4 Bud5 Budé

W Q21T " Q23T W Q23T Y Q24T " Q25T b Q26T | 7 Q41T W Q42T W Q43T 7 Q44T B Q45T ' Q46T
W Q21B b Q22B %" Q23B Y 024B " Q2568 % Q26B || w” Q418 ¥ Q428 % C43B W Q448 % Q456 " Q468

LPOM Recommended changes: |Legend:
nergy in Q31T, increase regen energy to 39 from 8. | Pass ||F€ead1,rfors1,rstemshm. Quad passed rod shot verification checks

|
|
| MN/A ||Read\,rfor system shot. Quad not participating in shot. |
| Caution ”Guad passed, but another rodshot may be recommended |
|
|

@“ Fail ||Nmread\_.rfur5\_.rslemshm
@”F‘ending”t}uad not yet verified




System shot data reporting is accessible =
Immediately to operations and users NF

The National Facility
« Second level is a detailed comparison of predicted and measure
data
| ILS MO40924-002-999 Q3 1B 05P NO40924-002-999 Q31B
T —— OSP P31BL (B315) Power Diagnostic
Calc Meas Diff% OSP Energy kJ L i L
B315 B316 B317 B318 Total || m|
!Rs:gjn mJ IDL;:Q“[:;;;H 1:2 I Calc [ 7.405 || 7399 |[7.424 | 7412 |[2964]|| _scul n
- - Photodiode | 7.357 |[ 7.442 || 7,575 || 7.704 |[30.08]|| & o)
Puise Width| 84 || 83 |12 _ B /
) pitte| 07 || 06 |[ 20 || 39 |T45]| £ el j
PAM Gain | 4304 |[411.2 || 45 | < £ | / |I
alance KK -
e e B315 B316 B317 B318 el f\ f“/ | Jmi
max [ 1.71 I: Cale| 250 || 250 || 250 || 250 | EBal °".a".3'.'|".'i"."a-'_.a_js'a'a'e'.;:-s";ﬁ“"rm'f;r ;
min Photodiode| 245 || 247 |[ 252 |[ 256 || 25 | Kok H
OSP Contrast EMS P Deviation % | 5.5
Rak )13 Caic| 0.086 || 0.089 || 0.087 || 0.098 | :
S S E A — Meas| 0.099 || 0.108 || 0.087 || 0.126 | CEREMER St P e
1 AN piff% | 131 || 176 |[ 103 |[ 222 | o il -
0ir 1 MR+ RS
N | OSP Peak/Mean
E™ f ! B315 B316 B317 B318 £ A
g / ! Calc[ 1249 |[1.276 |[ 1273 [ 1298 | Sy
éﬂl.‘i. f | ; 140
ol / ! Meas | 1.337 || 1.345 || 1.251 || 1.360 | £ | /
: ‘ OSP Beam Area cm2 | " {
M:;_‘___w W con S0 rurd SO . R - B315 B316 B317 B318 i fﬂ\m_,;’_’ l.‘-. 8
) © Time (ns) | alc : : : . A2 T 1 2 3.4 56738 9 W
= M Calc|1176.0|[1188.0][1204.0| 1188.0] U‘imm]“ﬂ
T Meas [1141.0][1119.0][1094.0][1068.0]
. u” : Diff % [ 3.1 ” 6.2 ” 101 ” _ﬁ_2| RMS Power Deviation %
AM Amplitude % [24] AM Amplitude %




More detailed analysis results can be viewed =
from results page Ng

. Hyperlinks from results page allow users to drill down to more detailéd
analysis reports

« Processed predicted and measured data can be downloaded

j0924-002-999 Q3 1B OSP NO40924-002-999 Q31B
OSP P31BL (B
¢ Meas Diff% OSP Energy kJ BT
i 1450 |[i8] B315 B316 B317 B318 Total 5
Cale[ 7.405 ! . 3
79[0.5399 = ¥
Photodiode | 7.357
Diff%| 0.7
4 [[a112
: ki OSP Balance
d - B315
- | [ T T WES|
calc| 250 |[ 250 |[ 250 | 250 | EBal f FIOUES W OPREUPUORET | _Owe |
Photodiode [ 245 |[ 247 |[ 252 | 256 |[ 25 | o s}
OSP Contrast RMS Power Deviation %
B315 B316 B3l7 BB .
e R oo AM Amplitude % [2.5
calc| 0.086 || 0.089 |[0.087 || 0.098
: . Meas| 0.099 [ 0108 [ 0.097 [ 0.126 T R——
r.«:. i . el 3s00f s |
| ||osP Peakime T - =
= ; ; : |
oz i i}
. : cale f g
5 | [ e f‘" !
| | Meas[ ; / | !
ol | OSP Beam A . ) \ |
U:'.' T 4"

<=

2 3 4 5 67
Time {ns)

EE

= S AWALLLAY .
'E Caic[ i - SRl ‘ v | ! J.;_-_I
Meas[ P

it % |

EMS Power Deviation %

AM Amplitude %

E1E
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e




The Mational ignition Facility

RESULTS



LPOM has been able to accurately predict energies =
for each beamline for over a wide operating range NF
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25 Bundle 31
® 315 315/316 318
317 311 | 312
20
- 313 | 314
—
=
> 15 315 | 316
>
§ 317 | 318
= 10
o
5
O - 100 kJ Campaign
0 ] | | | ] ]
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Injected energy (J)

* LPOM calibrated with two low energy shots at beginning of campaign
* Energy balance (within quad) within 1-2% for all shots




LPOM accurately models gain saturation of the
laser temporal pulse as it propagates

Ns
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LPOM is the backbone of meeting target irradience requirements




LPOM has been able to accurately predict pulse
shapes for a wide variety of missions
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The observed RMS deviation of the Haan pulse
is consistent with ignition requirements




LPOM has helped NIF meet its functional =
requirements for energy accuracy NF
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- Power balance requires an 8% RMS on 3w output energy
— Target campaign shows < 2% RMS of energy on target

Beam Timing Adjusted to

Within 6 ps (rms) Hydro Campaign Shot Energy Histogram

2 ns sweep window

8% RMS Functional
Requirements and

Primary Criteria 1.95%

measured

¥ RMS
". "'!” ilzaosoepgs:ulse
315// ' \ 315/ / \\
317 318 316 317 348 316
A

0 500 1000 1500 2000 2500 3000 3500 4000

Beam Energy (J)

Measured timing and energy stability are
consistent with ignition requirements
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Summary N
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LPOM serves arole in automated shot setup, equipment protection and
data analysis for NIF

« LPOM has been an invaluable tool in NIF laser commissioning activities

— Accurately set up shot for several laser configurations, and over a
wide energy range

— Provide energy balance amongst the quad to within 1-2%

— Produces output pulse shapes that are flat or match complicated
requested shapes

- LPOM provides post-shot data reporting and analysis

— Web-based reporting tool provides data to aid shot operations, shot
planning and data analysis

- LPOM has been proven to be scalable and capable of operating in a fully
automated fashion





